Abstract This study investigated the relationship between aversive conditioning, heart rate variability suppression, behavioral activation system/behavioral inhibition system and risk-avoidance on the Iowa gambling task (IGT) in a nonclinical sample (29 male, 29 female, mean age = 20.7). A laboratory based Pavlovian aversive conditioning paradigm was used where a 1500 Hz tone (CS?) was followed by a burst of loud white noise (US), and a 850 Hz (CS-) tone was never followed by the US. In a subsequent extinction phase where the CS? and CS-were presented without the US, conditioned skin conductance responses to the CS? indicated aversive conditioning. The results showed that the participants who did not show aversive conditioning (N = 26) exhibited significantly less risk-avoidance compared to participants who did show aversive conditioning (N = 32). Regression analysis showed that among the study variables, only aversive conditioning contributed significantly to explaining variance in risk-avoidance. These results may have implications for understanding risk-taking in gambling in general, and may be a starting point understanding the role of aversive conditioning in the development and maintenance of gambling problems.
decision making, such as deficiency in impulse control and diminished activity in dopaminergic risk-reward circuitry (Grant et al. 2006) .
Risk-taking in gambling among healthy adult participants has been studied in various ways, for example by using simulated slot machines (Demaree et al. 2008) . The most well known task for measuring decision making in gambling is the Iowa Gambling Task (IGT: Bechara et al. 1994) . The IGT presents participants with four decks of cards, from which 100 consecutive cards are selected. Two of the decks are disadvantageous because they give large immediate wins accompanied by large losses, resulting in net loss over time. The other two decks are advantageous as they give small immediate wins and small losses, and result in a net gain over time. Selecting cards from the advantageous decks rather than from disadvantageous decks is regarded as an indicator of learnt risk-avoidance. By comparing problem gamblers to a control group on the IGT, Goudriaan et al. (2005) found that problem gamblers chose more cards from disadvantageous decks and hence displayed less learned risk-avoidance compared to the control group.
Pavlovian Conditioning
An interesting endeavor in gambling research is to identify factors which determine individual differences in risk-avoidance. Although evaluation of risk may be regarded as a purely cognitive process (Anand 1993) , according to the risk-as-feelings hypothesis, risk decision making is not to be viewed primarily as a cognitive activity, but rather as an emotionally based activity (Loewenstein et al. 2001) . In line with the risk-as-feelings hypothesis, conditioned anticipatory emotional responses to hazardous choice alternatives in a task such as the IGT guide behavior. Studies have for example shown that individuals who due to prefrontal cortex damage fail to generate negative anticipatory somatic reactions to losing money continue to show less risk-avoidance on the IGT (Bechara et al. 1994) .
One mechanism by which humans learn behaviorally meaningful information is Pavlovian (classical) conditioning. In Pavlovian conditioning, a previously neutral stimulus named the conditioned stimulus (CS) becomes associated with a stimulus that does not require learning in order to elicit a physiological response, the latter denoted as the unconditioned stimuli (US) (Pavlov 1927) . This occurs by repeatedly presenting the CS and US together. After a few repetitions, the CS presented alone comes to elicit a conditioned response, which is a physiological response similar to the response elicited by the US (Domjan 2003) .
Pavlovian conditioning has been used as a framework for studying a wide range of human behavior. For instance, aversive conditioning, which is Pavlovian conditioning with aversive US, has been used to explain why some individuals do not cease to behave in ways that are detrimental to both themselves and to society. Some individuals may lack the ability to form conditioned associations, and may therefore fail to develop aversion towards behavior that has repeatedly been followed by negative consequences (Eysenck 1977) . Studies have shown that individuals with antisocial personality disorder, which is characterized by an inability to learn from the negative consequences of one's own actions, seem to show impaired aversive conditioning (Hare and Quinn 1971; Lykken 1957; Ziskind et al. 1978) . Studies have also linked aversive conditioning to alcohol abuse. For instance, one study found that individuals with a high-density family history of alcohol abuse showed less aversive conditioning compared to a contrast group (Finn et al. 1994 ).
Learning mechanisms have also been strongly implicated in the development of gambling problems (Blaszczynski and Nower 2002; Sharpe and Tarrier 1993) . Here, the focus has mainly been on the role of Pavlovian conditioning with appetitive stimuli in the development and maintenance of gambling problems. According to this perspective, the gambling environment becomes associated with feelings of excitement through Pavlovian conditioning, and this excitement becomes a conditioned reinforcer for continued gambling behavior (Sharpe and Tarrier 1993 ). An interesting avenue for research into the antecedents of gambling problems is to look at individual differences in conditionability. Here, an important distinction is normally drawn between individual differences in appetitive and aversive conditioning. Individuals with gambling problems may show increased appetitive conditionability, which makes them more prone to associate the gambling environment with feelings of excitement, which in turn may reinforce their gambling behavior. Individuals with gambling problems may also show decreased aversive conditionability, which makes them less likely to learn from adverse consequences, such as losing all the money they brought to a casino.
Evidence suggests that appetitive and aversive conditioning evoke different neural responses in the brain. Appetitive conditioning seems to evoke responses in the medial orbitofrontal cortex, whilst aversive conditioning evokes responses in the lateral orbitofrontal cortex (Gottfried et al. 2002) . Therefore, conditionability to appetitive and aversive stimuli should be investigated separately. To our knowledge, only one study has looked at the relationship between aversive conditioning and gambling. This study compared Gamblers Anonymous members who were diagnosed as sociopaths with a control group on anticipatory skin conductance responses in 3-s intervals leading up to the presentation of a loud noise (Van Tharp et al. 1980) . The results showed that the gambler sociopaths had anticipatory skin conductance responses that were smaller in magnitude and later in onset compared to the control group. This study may indicate that gamblers have impaired aversive conditioning. However, the study looked at a subsample of gamblers with co-morbid sociopathy, hence it is not clear whether the findings may be related to gambling, sociopathy, or both.
Heart Rate Variability and Risk-avoidance
Another factor that seems to be related to gambling is activity in the prefrontal cortex. One fMRI study found that pathological gamblers showed decreased activity in ventromedial prefrontal cortex during a Stroop task compared to healthy controls (Potenza et al. 2003) , and another fMRI study found that activity in ventromedial prefrontal cortex was negatively associated with gambling severity (Reuter et al. 2005) . Activity in this neural structure has been suggested to function as an inhibitory ''break'' system in behavior, and is therefore considered a core component of impulse control (Grant et al. 2006) . Activity in the prefrontal cortex has furthermore been associated with heart rate variability (HRV; Lane et al. 2009 ). HRV reflects the fluctuation in inter-beat intervals between normal heartbeats (Hansen et al. 2003) , and can be measured with relative ease using a simple electrocardiogram (ECG). HRV has been positively associated with inhibition of impulses and with adaptation to environmental demands (Thayer and Brosschot 2005) . In situations involving uncertainty and threat, prefrontal cortex activation is normally decreased and the body is mobilized resulting in increased heart rate and HRV suppression. Therefore, there is reason to believe that performing a laboratory based gambling situation such as the IGT will involve suppression of HRV. The literature on cardiac activity in relation to gambling is scarce, however some studies have found an increase in heart rate during laboratory based gambling tasks, indicating arousal and excitement during the tasks (Anderson and Brown 1984; Leary and Dickerson 1985) .
Studies have shown that individuals who have greater HRV suppression during tasks that tap into executive functions make more advantageous choices during the tasks compared to individuals with lower HRV suppression (Hansen et al. 2004; Hansen et al. 2003) . A question in this context is whether HRV suppression is related to risk-avoidance on the IGT. One possibility is that HRV suppression is an indicator of impulse inhibition, which may in turn result in more risk-avoidance.
Behavioral Activation and Behavioral Inhibition
Individual differences in personality have also been studied in relation to gambling. Studies have found that excessive gambling is associated with high sensation seeking and low impulse control (Johansson et al. 2009; Myrseth et al. 2009 ). A theory that may be especially applicable in studying the role of personality in gambling is Gray's (1982) reward sensitivity theory. Gray proposed that sensitivity in two systems, the behavioral inhibition system (BIS), and the behavioral activation system (BAS) cause individual differences in the degree to which individuals are sensitive to conditioned punishment (BIS) and reward (BAS) stimuli. BIS/BAS seem particularly relevant to gambling behavior since gambling involves both punishment and reward stimuli. High scores on BIS are associated with passive avoidance of conditioned aversive stimuli, such as losing money in a gambling task, whereas high scores on BAS are sensitive to conditioned rewards, or winning money in a gambling task. A slot machine simulation study with healthy adults, showed that both the BIS and the BIS/BAS ratio were negatively associated with preferred bet size, or risk-taking (Demaree et al. 2008) . Research into the relationship between BIS/ BAS and the IGT has been somewhat inconclusive. For example, one study found that the BAS subscale Reward responsiveness was positively correlated with IGT performance (Franken and Muris 2005) , whereas another study found that BAS Reward responsiveness, and BAS Fun seeking were negatively correlated with IGT performance (Suhr and Tsanadis 2007) . Further research into the BIS/BAS and IGT relationship is therefore warranted.
Study Aims
Since there is a lack of studies to date that have investigated the relationship between individual differences in aversive conditioning and risk-avoidance during gambling, we conducted a study based on a Pavlovian discriminant conditioning paradigm in which a tone (CS?) was paired with a burst of loud white noise (US), and another tone (CS-) was presented alone. Participants who showed aversive conditioning in the extinction phase of the conditioning paradigm were subsequently compared with participants who did not show aversive conditioning on risk-avoidance on the IGT. The study also investigated whether suppression of heart rate variability during the IGT was associated with riskavoidance. In addition, the relationship between BIS, BAS and risk-avoidance was investigated.
Methods

Participants
Participants were 61 (31 female and 30 male, age range 18-28 years) undergraduate students, recruited at the University of Bergen. Data from three participants (two female, one male) were not included in the data analyses, one due to abnormal cardiac activity and two due to equipment failure. All participants were paid 100 Norwegian kroner (about € 12). The study was approved by the Regional Committees for Medical and Health Research Ethics in West-Norway and by the Norwegian Social Science Data Services.
Measures
Control Variables
Since mood disorders, nicotine and alcohol use, gambling problems and executive functioning are found to be associated with classical conditioning, HRV, and/or risk-avoidance during gambling (Agelink et al. 2002; Barutcu et al. 2005; Brand et al. 2007; Friedman and Thayer 1998; Goudriaan et al. 2005; Hansen et al. 2004; Ingjaldsson et al. 2003; Lissek et al. 2005; Miu et al. 2008; Must et al. 2006 ), these variables were controlled for in the analyses. (Zigmond and Snaith 1983) measures anxiety (7 items) and depression (7 items). Participants indicate the degree to which they agree with statements on a four point scale ranging from 0 to 3, giving each a range of 0-21. Internal consistency (Cronbach's alpha) in the study was .69 for anxiety and .56 for depression.
Hospital Anxiety and Depression Scales (HADS) HADS
Tobacco Use Participants were asked to indicate whether or not they smoked cigarettes or used snus (ground tobacco used orally) daily.
Fast Alcohol Screening Test (FAST) FAST (Hodgson et al. 2002) contains four questions related to alcohol use. Based on their answers, participants received a score ranging from 0 to 16.
South Oaks Gambling Screen-Revised (SOGS) SOGS (Lesieur and Blume 1993 ) was used to screen for gambling problems. SOGS gives a score ranging from 0 to 20. A score of 0 indicates no problem with gambling, 1-4 indicates some problems with gambling, and a score of 5 or more indicates probable pathological gambling.
The Wisconsin Card Sorting Test (WCST) The WCST (Berg 1948; D. A. Grant and Berg 1948; Heaton et al. 2003 ) is a test of executive functioning. The participant is presented with four cards with a symbol printed on each; one red triangle, two green squares, three yellow crosses, or four circles. The task is to sort cards according to one of three rules, color of symbol, shape of symbol, or number of symbols. The rule is not known, and it is up to the participant so discover the rule and sort cards accordingly. The rule will change after a specific number of cards have been sorted correctly. A perseverative error is made when the participant continues to sort cards according to the rule that is no longer valid.
Study Variables
Aversive Conditioning Skin conductance was used to measure conditioned responses in the extinction phase of the aversive conditioning paradigm. Skin conductance was measured using unshielded 8 mm Ag-AgCl electrodes filled with isotonic gel and attached to the middle phalanx of the index and middle fingers on the non-dominant hand. Signals were recorded at 1000 Hz using the Biopac MP35 system with BSL PRO software (BI-OPAC Systems Inc. 2007). Skin conductance responses were analyzed using Mindware EDA (Mindware Technologies Ltd. 2007 ). The skin conductance responses were recorded as the mean amplitude of the largest responses following stimulus onset with a delay of 1-s. Only responses greater than .04 microSiemens were used in the analyses. In order to control for individual differences in maximum skin conductance response levels, all responses were transformed using a range correction described by Lykken and Venables (1971) .
Heart Rate Variability Cardiac activity was recorded continuously at 1000 Hz throughout the whole session using three disposable 10 mm electrodes. Two were placed ten centimeters below each breast, and one was placed on the lower ribs 15 cm below the left arm pit. HRV for the baseline and recovery phases was calculated based on 5 min resting ECG recordings. For the IGT, HRV was recorded throughout the test. High frequency HRV is associated with respiratory sinus arrhythmia and reflect parasympathetic nervous system activity (Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology 1996). Parasympathetic cardiovascular influence was determined using autoregressive power spectrum analysis with Kubios software (Biosignal Analysis and Medical Imaging Group 2007). Power in ms 2 of the high frequency band (.15-.04 Hz) was used in the analysis. In order to achieve a normal distribution of HRV data, all values were transformed to their respective natural logarithms.
The BIS/BAS Scales The BIS scale (7 items) measures predisposition to avoid threatening or punishing stimuli (Carver and White 1994) . The BAS scale (13 items) measures predisposition to approach appetitive stimuli. The BAS scale can be subdivided into three sub scales: Reward responsiveness (BAS RR), Drive (BAS D), and Fun seeking (BAS FS). Participants indicate the degree to which they agreed with statements on a four point scale ranging from very true for me to very false for me. Internal consistencies (Cronbach's alpha) for the scales in the present study were: BIS = .67, BAS RR = .56, BAS D = .68, BAS FS = .59.
Procedure
To control for the possible effects on physiological functioning participants were instructed to avoid consumption of caffeine and nicotine 2 h prior to appearing at the laboratory. Upon entry, participants were given information about the study and signed a consent form. Participants were fitted with electrodes and seated in a comfortable armchair inside a sound attenuated room. Temperature was kept at 22°C. A baseline 5 min HRV recording was made after the participant had been seated in the chair for 2 min. The baseline HRV recording led directly to the aversive conditioning procedure. The procedure was programmed using the E-Prime software (Psychology Software Tools Inc. 2005), and throughout the procedure, E-prime sent trigger signals to the Biopac system so that stimuli presentations could be identified in the Biopac recording.
Auditive stimuli were presented in mono to both ears by head phones. The CS? was a 1500 Hz tone and the CS-comprised a 850 Hz tone, both lasting 1350 ms. Both tones were presented at 65 dB with 12 s intervals. For every other participant, the CS? and CSstimuli were reversed so that the CS? comprised the 850 Hz tone and the CS-comprised the 1500 Hz tone. The US was 1000 ms of 100 dB white noise. In the acquisition phase, CS? and CS-were presented eight times each in a pseudo randomized order. CS? was immediately followed by the US each time. The CS-was never followed by the US. In the extinction phase, CS? and CS-were presented eight times each, with no US following either the CS? or the CS-.
Following the classical conditioning procedure, headphones and the electrodes attached to the fingers were removed. A computer screen was placed facing the participant, and the IGT was started. Instructions were given on the screen. The IGT was programmed according to the description by Bechara et al. (1994) using E-Prime. Participants were presented with four decks of cards on the computer screen, A, B, C and D, each corresponding to four distinct buttons on the computer keyboard. Selection of cards from decks A and B resulted in large payouts but also high losses resulting in net loss over time. Selection from decks C and D gave small payouts but also small losses resulting in net gain over time. Monetary values were roughly converted into Norwegian kroner by multiplying Bechara's values in U.S. dollars by five. Participants were instructed to try to win as much money as possible.
The WCST (Berg 1948; Grant and Berg 1948; Heaton et al. 2003 ) was administered next. The participants were pre-screened for color blindness since the WCST requires test takers to be able to discriminate between red and green colors. Since no participants were color blind, all were included in the analysis. Instructions were given on a sheet of paper to ensure that all participants received identical instructions. Finally, participants were instructed to sit in the chair and relax for 5 min while the HRV recovery phase was recorded. Questionnaire data were subsequently collected. Participants were instructed to answer each question in the questionnaire, and when in doubt to answer what came to mind first.
Statistics
Risk-avoidance was operationalized as the number of cards chosen from advantageous decks on the IGT. Aversive conditioning was determined by subtracting average skin conductance responses to the CS-presentations from average skin conductance responses to the CS? presentations in the extinction phase of the classical conditioning paradigm. Inspection of the resulting Aversive conditioning variable showed that it was not normally distributed, as 26 participants had a score of zero. Therefore, Aversive conditioning was recoded into a dichotomous variable where the participants who did show aversive conditioning where assigned to a group named AC ? (N = 32), and the participants who did not show aversive conditioning were assigned to a group named AC-(N = 26). AC? was coded 1, and AC-was coded 0.
Nicotine use was coded 1 = daily use of cigarettes or snus, and 0 = not daily use of nicotine.
Bivariate correlations were computed using Pearson's correlation coefficient with variables measured at interval level, point-biserial correlation coefficients were calculated for the relationship between interval variables and dichotomous variables, and phi coefficients were calculated for the relationship between two dichotomous variables. For SOGS, Spearman correlations were calculated since the scale did not have a normal distribution.
A backward stepwise multiple regression analysis was conducted where Risk-avoidance comprised the dependent variable, and HRV suppression, BIS, BAS RR, BAS D, BAS FS and Aversive conditioning were entered as independent variables.
Repeated measures ANOVA was computed with five consecutive blocks of twenty card selections on the IGT as within-subjects variables. Aversive conditioning was entered as a between-subjects factor, and Risk-avoidance (number of cards selected from advantageous decks on the IGT) comprised the dependent variable. Maulchly's test showed that the assumption of sphericity was violated. Therefore, the Greenhouser-Geisser correction was made to the degrees of freedom when statistical significance for repeated measures was determined.
Results
Participants' Gambling Experience
Three of the participants had a SOGS score of five or more, which indicates probable pathological gambling. Nineteen of the participants had a SOGS score of between one and four which indicates some problems with gambling. The remaining 36 participants had a SOGS score of zero, which indicates no problems with gambling.
Correlations
Bivariate correlations and point-biserial correlations between all variables are shown in Table 1 . Aversive conditioning was significantly and positively correlated with Riskavoidance. None of the other study variables (HRV suppression, BIS, BAS RR, BAS D or BAS FS) correlated significantly with Risk-avoidance.
Aversive conditioning, Risk-avoidance and BAS RR were not significantly correlated with any of the control variables, but BIS was significantly and positively correlated with Anxiety and significantly negatively correlated with Nicotine usage, BAS D was significantly and negatively correlated with HRV suppression, and BAS FS was significantly and positively correlated with Alcohol use.
There were also some significant correlations between the control variables: Anxiety correlated significantly and positively with depression, SOGS score was significantly negatively correlated with resting HRV, and Anxiety was significantly and positively correlated with BIS.
Multiple Regression
Multiple regression using the stepwise backward method showed that only Aversive conditioning contributed significantly to variance explained in Risk-avoidance, b = .30, P = .023. The variance in Risk-avoidance explained by Aversive conditioning was 9%. To further explore the relationship between aversive conditioning and IGT performance, a 2 9 5 repeated measures ANOVA was conducted with Group (AC ? vs. AC-) as a between subjects factor, Stage (5 blocks of 20 cards) as a within subjects factor, and number of cards chosen from advantageous decks on the IGT as the dependent variable. A significant main effect of Aversive conditioning was found where the AC-group (M = 45.69, SD = 11.92) chose significantly fewer cards from advantageous decks compared to the AC? group (M = 53.78, SD = 13.84), F(1, 56) = 5.30, P = .025. A significant main effect of Stage was also found F(3.24, 181.33) = 5.07, P = .002. Bonferroni adjusted pairwise comparisons showed that the participants overall chose significantly fewer cards from advantageous decks on the first stage (M = 8.49, SE = .37) compared to the fourth (M = 10.68, SE = .60) and the fifth stage (M = 11.05, SE = .67).
As can be seen in Fig. 1 , the greatest difference between the two groups was on the third stage of the IGT.
Discussion
The results of the study showed that aversive conditioning was associated with riskavoidance on the IGT. The participants who did not show aversive conditioning in the classical conditioning paradigm showed less risk-avoidance throughout the IGT. This finding is consistent with findings that individuals who fail to develop aversive somatic reactions to losing money on the IGT continue to follow a more risky strategy compared to individuals who do develop aversive somatic reactions to losing money (Bechara et al. 1994). More broadly, the finding supports the risk-as-feelings hypothesis in the view that risk decision making can be guided by emotional reactions to risky choices (Loewenstein et al. 2001) . Aversive conditioning has been used as a factor in explaining why some individuals repeatedly make risky choices in the face of adverse consequences (Hare and Quinn 1971; Lykken 1957; Ziskind et al. 1978) . With the finding that gamblers with sociopathy responded more weakly to stimuli signaling aversive stimuli compared to a control group (Van Tharp et al. 1980) it is suggested that aversive conditioning also may play a role in the development of gambling problems. Our study provides further support for this by showing that aversive conditioning in healthy adults is associated with risk-avoidance during gambling. Individuals with impaired aversive conditionability may take greater risks and hence lose more money when gambling compared to individuals without this impairment. Since greater risk-taking when gambling is a key factor in the development of gambling problems, aversive conditioning impairment may constitute a biological vulnerability factor for developing gambling problems.
However, more research is needed to corroborate our findings. Although challenging to conduct, prospective studies where gamblers with high and low scores on aversive conditionability could be followed over time and their gambling patterns could be logged would be of great interest. The role of appetitive conditioning in relation to gambling should also be addressed. Individuals with high and low scores on appetitive conditioning could be compared on risk-taking during gambling. In addition, studies which compare problem gamblers with a control group on aversive and appetitive conditionability are needed.
The results showed no relationship between HRV suppression during the IGT and riskavoidance. Since HRV has been found to be positively related to executive functioning (Hansen et al. 2004; Hansen et al. 2003) , differences in risk-avoidance during the IGT in this study may not be attributed to individual differences in executive functioning. This is further corroborated by the fact that there was no relationship between risk-avoidance and perseverative errors on the WCST. Therefore, differences in risk-avoidance on the IGT in this study are more likely related to aversive conditioning than to individual differences in executive functioning.
No relationship between the BIS and the BAS scales and risk-avoidance was found. This was somewhat surprising since a previous study found that scores on the BIS and the BIS/BAS ratio were negatively correlated with risk-taking (Demaree et al. 2008) . The discrepancy between Demaree et al.'s (2008) results and ours may be explained by differences in measures of risk-taking. Demaree et al. (2008) used bet size on a simulated slot machine as an index of risk-taking, whereas in our study risk-taking was operationalized as the total number of cards picked from high-and low-risk decks on the IGT. Bet size may constitute a more explicit measure of risk-taking since it involves pressing a button which immediately switches the game from less risky to more risky, and vice versa. On the IGT, on the other hand, what constitutes low and high risk-taking is implicit and it gradually becomes evident to the participants through feedback on single trials. The discrepant findings may be explained by differences in the degree of awareness of risk-taking. One explanation may be that individual differences in personality are better indicators of explicit rather than implicit risky decision making, however, future studies are required to investigate this assumption. The results are partly consistent with previous studies that have investigated the BIS/BAS and IGT relationship in that we found no relationship between BIS and risk-avoidance. Previous studies have found both positive and negative relationship between the BAS scales and risk-avoidance (Franken and Muris 2005; Suhr and Tsanadis 2007) , however our results did not find a relationship between risk-avoidance and any of the BAS scales.
The results showed some significant correlations among the control variables. Anxiety and depression were correlated. This is consistent with previous research, and may be explained by a general distress factor which is common to anxiety and depression (Clark and Watson 1991) . Resting HRV was negatively correlated with SOGS-score. An explanation for this finding may be that individuals who experience some degree of distress may alleviate it by gambling, which is consistent with one subtype of gamblers (Blaszczynski and Nower 2002) . However, as only four participants had a SOGS-score indicative of probable pathological gambling, this finding should be interpreted with caution. Anxiety was significantly positively correlated with BIS. This is consistent with previous findings, and it has been suggested that BIS measures a super-factor underlying neuroticism and negative affectivity (Jorm et al. 1999 ). The results also showed a negative relationship between BAS Drive and HRV suppression during the IGT. An explanation for this could be that individuals with high BAS scores need more excitement in order for physiological changes to occur, whereas individuals with low BAS scores are more responsive to tasks such as the IGT. Finally, BAS Fun seeking and alcohol were positively correlated, which is consistent with previous findings (Franken and Muris 2006) .
Strengths and Limitations
The present study controlled for tobacco use, alcohol use, anxiety, depression, and executive functioning. Therefore, the present findings cannot be attributed to any of these factors. While it is preferable to use temperature controlled and sound attenuated chambers for psychophysiological recording, the gambling task could perhaps preferably be conducted in a more naturalistic setting, such as a casino, a pub or in front of a computer at home in future studies.
While the IGT is often used to measure differences in decision making, and is viewed as an ecologically valid gambling task (Goudriaan et al. 2005) , there are notable differences between this task and available gambling products. Most importantly, in available gambling products such as slot machines, poker or roulette, the gambler will only lose the bet he or she has wagered. Hence, losses incurred in real life are more predictable than they are on the IGT, where losses are quite unpredictable at least at the start of the session. The use of tasks that are more similar to available gambling products may therefore be preferable in future studies to enhance ecological validity. A further limitation is that participants did not gamble with their own money or money that was given to them to gamble with. In sum, this limits the degree to which the present findings can be generalized to a larger population.
Since the study used students as participants, the findings cannot be generalized to problem gamblers without reservations. Differences in aversive conditionability between problem gamblers and healthy controls should be further addressed in future studies. In order to investigate this relationship there are a number of concerns involved in using participants who meet the criteria for pathological gambling. This is mainly related to the fact that a large proportion of problem gamblers have co-morbid nicotine, and alcohol abuse, as well as mood disorders (Petry et al. 2005) . These have been shown to affect aversive conditioning, HRV, and/or risk-avoidance during gambling (Agelink et al. 2002; Barutcu et al. 2005; Brand et al. 2007; Friedman and Thayer 1998; Goudriaan et al. 2005; Ingjaldsson et al. 2003; Lissek et al. 2005; Miu et al. 2008; Must et al. 2006) . Therefore, studies that investigate differences in aversive conditioning, HRV and BIS/BAS between a sample of problem gamblers and a control group, require rigorous matching of the two groups, or need to meticulously control for these factors in other ways.
This study provides evidence that aversive conditioning may be related to the riskavoidance component of gambling. This is an important step towards understanding the nature of the association between aversive conditioning and risk-taking in gambling in general. It is also an important starting point for future studies that may investigate differences in aversive conditioning between problem gamblers and healthy controls. Such studies would not only corroborate the present findings, they would also elucidate how individual differences in aversive conditioning may relate to the development of problem gambling.
